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ABSTRACT 22 
 23 
Amphibians are declining worldwide and pollutants have been implicated as a major 24 
contributor to these declines. To understand these declines, many studies have assessed 25 
the impact of pollutants on amphibian behavior, however information regarding their 26 
effect on locomotor abilities, as well as the intra-specific variation of the tolerance to 27 
pollutants, is extremely rare. Further, the majority of studies examining the impact of 28 
pollutants on amphibians have been conducted in simplified laboratory settings. Given 29 
the complexity of natural systems, determining whether amphibian responses in 30 
laboratory studies are generalizable in more realistic natural scenarios is critical. 31 
Towards this goal, this study assessed the impact of nitrogenous pollution on survival 32 
and fitness-related larval traits (growth, mass and swimming performance) for three 33 
populations of the frog Pelophylax perezi, exposed to different degrees of 34 
eutrophication in two different and complementary experiments: (1) pond mesocosms, 35 
with NH4Cl isolated or combined with NaNO2 and NaNO3, and (2) field enclosures 36 
placed in natural streams differing in their degree of pollution.  37 
For both mesocosm and field enclosure experiments, larval mortality was unaffected by 38 
nitrogenous pollution. However, in the mesocosm experiment, exposure to nitrogenous 39 
compounds reduced final larvae mass and growth. In contrast, in the enclosure 40 
experiment, polluted locations facilitated final mass and growth of surviving tadpoles. 41 
Population-level variation in the effect of pollution was observed for final larval mass in 42 
the mesocosm but not in the field enclosure experiment. In addition, although 43 
nitrogenous compounds in both mesocosm and natural conditions had no direct effect 44 
on absolute larval swimming performance, they may impact the viability of larvae by 45 
affecting the relationships between growth and the swimming abilities. The differential 46 
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pattern found in the impacts of nitrogenous compounds on larvae of P. perezi when 47 
raised in different experimental venues (mesocosms and field conditions) points to the 48 
convenience of considering more realistic natural scenarios in assessing the impact of 49 
pollutants on amphibians. 50 
 51 
 52 
Key words: Nitrogenous pollution, experimental venue, inter-populational variation, 53 
amphibian larvae, fitness, swimming performance. 54 
 55 
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1. Introduction 57 
 58 
Amphibian populations are declining worldwide (Gardner, 2001; Blaustein & 59 
Kiesecker, 2002). Although natural fluctuations may cause demographic variation 60 
(Pechmann et al., 1991; Tejedo, 2003), chemical pollutants have been implemented as a 61 
major contributor to these declines (Scoccianti, 2001; Semlitsch, 2003). In particular, 62 
pollutants associated with agricultural practices have been linked to amphibian decline 63 
in multiple regions of the world (Berger, 1989; Davidson et al., 2001, 2002; Hamer et 64 
al., 2004). One of the effects of managing croplands is the increase of the environmental 65 
concentration of nitrogenous compounds (Ritter & Bergstrom, 2001). Such an increase 66 
is, at least partially, a consequence of the use of nitrogenous fertilizers.  Because this 67 
type of fertilizers are widely used throughout the world (Carpenter et al., 1998) and 68 
expected to be more present in the future (Tilman et al., 2001; Galloway et al.¸ 2003), 69 
an increasing negative impact on the wildlife could be expected. Thus, understanding 70 
the impacts of increasing nitrogenous pollution on wildlife populations is paramount. 71 
Within the past two decades, increasing studies have assessed the impact of 72 
nitrogenous compounds on amphibians (see review Marco & Ortiz-Santaliestra, 2009) 73 
and have demonstrated that compounds such as ammonium, nitrite and nitrate can 74 
significantly affect survival, mass, development, behaviour and even habitat occupancy 75 
of amphibians (e.g. Hecnar, 1995; Xu & Oldham, 1997; Marco et al., 1999; Hatch & 76 
Blaustein, 2000; Smith et al., 2005; Boone et al., 2007; Griffis-Kyle, 2007; Macías et 77 
al., 2007; Peltzer et al., 2008; Shinn et al., 2008, 2013; Egea-Serrano et al.¸ 2009, 2011, 78 
2012; Smith & Dibble, 2012; Denoël et al., 2013a). Additionally, amphibian responses 79 
to nitrogenous compounds can vary with high levels of inter- (Marco et al., 1999; Shinn 80 
et al., 2008, 2013) and intra-specific variation (Johansson et al., 2001; Shinn et al., 81 
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2008, 2013; Egea-Serrano et al., 2009). Despite this growing body of work, to our 82 
knowledge, there are no studies assessing the effect of nitrogenous compounds on 83 
swimming performance of amphibians. Further, population-level variation in amphibian 84 
swimming performance in response to nitrogenous pollution has yet to be reported. Past 85 
studies have demonstrated negative effects of pollutants on swimming behaviours 86 
(pesticides, aluminium, road de-icing salts or acidity; Jung & Jagoe, 1995; Bridges, 87 
1997; Widder & Bidwell, 2006, 2008; Denoël et al., 2010, 2013b; Lavorato et al., 88 
2013), thus we hypothesize that nitrogenous compounds will also negatively affect 89 
swimming performance.  90 
The majority of studies examining the impact of pollutants on amphibians have 91 
been conducted in simplified laboratory settings. While lab-based studies are a starting 92 
point in understanding the effects of a pollutant, natural systems are complex and 93 
amphibian responses to pollutants can be influenced by a number of factors and the 94 
potential for non-additive interactions among different pollutants (e.g., Boone et al., 95 
2005). Therefore, to provide ecological relevance to the conclusions derived from 96 
laboratory studies, it is useful to determine whether the effects recorded ensue in the 97 
field (Boone & Bridges, 2003; Boone & James, 2005). Pond mesocoms and field 98 
enclosures have been described as useful tools to study the effect of pollutants in 99 
realistic conditions (Boone & Bridges, 2003; Boone & James, 2005). Mesocosms have 100 
been defined as independent, closed outdoor artificial systems (either aquatic or 101 
terrestrial) containing food webs and processes representative of natural environment, 102 
whereas enclosures are defined as permeable containers enclosing the study organisms 103 
within a particular environment, allowing environmental exchange among enclosures 104 
(Boone & James, 2005). The characteristics of these methodological approaches allow 105 
to integrate multiple stressing factors in natural environments as well as to accurately 106 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
 
6 
 
study population and community level processes (Boone & James, 2005). For instance, 107 
under mesocosm and enclosure conditions, algal growth may be affected by chemical 108 
pollution (e.g., Boone et al., 2007; Relyea, 2009) and there is typically a reduction in 109 
larval crowding conditions in these experimental venues compared to laboratory studies 110 
(although in this last case designs considering individually kept experimental larvae 111 
may be performed, avoiding therefore any confounding crowding effect; e.g., Egea-112 
Serrano et al., 2009; Hangartner et al., 2012). Because these facts may result into high 113 
algae availability and low competition level, pollutants may have indirect effects, via 114 
higher food availability per capita, on survival and/or growth that with difficulty can be 115 
taken into account in laboratory studies, because, as it is necessary to do to prevent 116 
experimental units from oxygen depletion and waste concentration, water is renewed 117 
frequently (which prevents the establishment of algal communities) and, commonly, 118 
experimental individuals larvae are not reared singly.  119 
Exposure to multiple stressors (as expected for natural settings) may lead to 120 
unexpected additive or synergistic responses (Berenbaum, 1989). For example, the 121 
presence of low levels of salinity can reduce the toxicity of nitrite (Shinn et al., 2013). 122 
In contrast, the presence of  other chemicals (Boone et al.¸ 2005; Egea-Serrano et al.¸ 123 
2009), UV-B radiation (Hatch & Blaustein, 2000, 2003; Macías et al., 2007) or low pH 124 
(Hatch & Blaustein, 2000) can increase the severity of amphibian larval responses to 125 
nitrogenous pollutants. Since amphibians are commonly exposed to multiple pollutants 126 
in nature, assessing the consequences of nitrogenous compounds alone and in 127 
combination is essential to developing our understanding of amphibian responses to 128 
nitrogenous pollution. Yet, to date the majority of ecotoxicological studies have focused 129 
on understanding the effects of single pollutants (Storfer, 2003).  130 
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The mechanisms driving population-level trait expression can be complex, 131 
especially when selection acts upon correlated traits, such as growth and performance 132 
(Arnold, 1983; Arendt, 2003). A linkage between fitness-related traits has been 133 
described for both natural and polluted environments (e.g. Arendt, 2003; Egea-Serrano 134 
et al., 2011; Denoël et al., 2013b), which may suggests that the impact of pollution on a 135 
given trait may be the correlated response to other traits. Taking this fact into account, 136 
and considering that individual populations may show different tolerance to pollution 137 
(e.g., Johansson et al., 2001; Shinn et al., 2008, 2013; Egea-Serrano et al., 2009), it is 138 
reasonable to  hypothesize that the relationship between correlated traits will vary in 139 
polluted environments versus non-polluted environments.  This hypothesis emphasizes 140 
the convenience of exploring the existing relationships between traits related to both 141 
fitness and performance to shed light on the mechanisms by which pollution, and 142 
particularly nitrogenous compounds, may affect amphibians. 143 
The aims of this study were to: 1) determine the effects of high, but ecologically 144 
relevant, concentration of ammonium chloride, alone and in combination with sodium 145 
nitrite and sodium nitrate, on mortality, mass and growth, and swimming performance 146 
of larvae of Pelophylax perezi raised both in mesocosm conditions (common garden 147 
experiment) and in enclosures placed in natural streams differing in their level of 148 
nitrogenous pollution (field experiment); 2) evaluate whether differences exist among 149 
populations in their tolerance to nitrogenous pollution; and 3) analyse the impact of 150 
nitrogenous pollution on the trade-off between larval growth and swimming 151 
performance for both the common garden and field experiment.  152 
 153 
2. Material and methods 154 
 155 
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2.1. Model organisms. 156 
 157 
P. perezi is an anuran that is found throughout the Iberian Peninsula and Southern 158 
France (Llorente & Arano, 1997), mainly occupying permanent water bodies, such as 159 
ponds and streams (García-París et al., 2004). These permanent habitats receive runoff 160 
from nearby croplands and livestock farms, which is one of the most important nitrogen 161 
sources in the nature (e.g. Ritter & Bergstrom, 2001), and can contain high 162 
concentrations of different nitrogen forms (e.g. for southeastern Iberian Peninsula: 163 
154.6 mg NH4
+
/L; 74.4 mg NO2
-
/L; 333.0 mg NO3
-
/L, Suárez, personal 164 
communication). Both P. perezi juveniles and adults use these permanent water bodies 165 
as shelter from predators (Martín et al., 2006), for foraging (Docampo & Vega, 1990), 166 
and breeding (Egea-Serrano et al.¸ 2005), thus this species is likely exposed to nitrogen 167 
pollution throughout its life cycle. In addition to being exposed to different types of 168 
nitrogenous inputs, P. perezi populations vary in their level of exposure to nitrogenous 169 
pollution and local adaption in tolerance to this pollution has been previously reported 170 
(Egea-Serrano et al., 2009). Thus, this species is a good model for assessing the 171 
interpopulational variation and the effect of nitrogenous cocktails on amphibians. 172 
 173 
2.2. Studied populations 174 
 175 
We collected five different egg masses of P. perezi from three populations located in the 176 
Segura River Basin (SE Iberian Peninsula) in the first fortnight of March 2007. Water 177 
bodies within this basin face arid conditions (Vidal-Abarca et al., 1987), and increasing 178 
eutrophication due to local farming practices (Ballester, 2003). For this study, we chose 179 
populations that were naturally exposed to different levels of nitrogen pollution. To 180 
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represent populations not exposed to nitrogenous pollution (reference populations), we 181 
chose P. perezi populations in Río Chícamo (38º12´N, 001º03´W; 170.3 m.a.s.l.), a 182 
permanent headwater stream, and Sierra Espuña Regional Park (37º52´N, 001º30´W; 183 
673.0 m.a.s.l.), a seminatural pond (C1 and C2, hereafter). To represent a polluted 184 
population, we chose a P. perezi population in Rambla del Garruchal (37º57´N, 185 
001º04´W; 346.0 m.a.s.l.), a semipermanent headwater stream (herafter P1). Detailed 186 
descriptions of C1 and P1 populations can be found in Egea-Serrano et al. (2009). 187 
Although no nutrient concentration data is available for C2, it is unlikely that 188 
amphibians were exposed to pollution because the area surrounding the location of this 189 
population is isolated from both urban and farming activities. The surrounding 190 
terrestrial environment of this population is composed of pine trees on limestone 191 
lithology. The geographical distance between populations ranged from 28.3 km to 54.9 192 
km. 193 
 194 
2.3. Experimental design and response variables 195 
 196 
The developmental stage of collected embryos did not differ between populations (Chi-197 
square, P > 0.05) and ranged from Gosner stage 15 to 18 (Gosner, 1960). In all cases, 198 
embryos were transported before hatching to the laboratory, where they were reared in 199 
12 L glass aquaria containing dechlorinated tap water (pH = 8.39; conductivity = 985 200 
μS/cm; 0.002 mg NO2
-
/L; 4.69 mg NO3
-
/L). We applied treatments once individuals 201 
reached Gosner´s stage 25. 202 
 203 
2.3.1. Common garden experiment. 204 
 205 
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One month prior to the start of the experiment, we set up a total of 16 outdoor plastic 206 
pools (430 L of capacity) at the Campus Universitario de Espinardo (Universidad de 207 
Murcia, Spain). We filled each pool with 200 L of dechlorinated tap water, added a thin 208 
layer of leaf litter to each pool to serve as a natural resource for tadpoles, and placed a 209 
plastic tile (229 cm
2
) facing the south side for later assessments of periphyton biomass 210 
(Relyea et al., 2005). To initiate plankton communities, each pool was inoculated with 211 
0.5 L of water from a local natural pond once a week before the experiment began. Prior 212 
to the start of the experiment (26 March 2007), we reduced the water volume in each 213 
pool by 150 L, to correct for differences in water volume due to evaporation. We 214 
randomly selected five larvae from each study site to add to each pool (i.e. a total of 15 215 
larvae per pool). The number of larvae exposed to the treatments was selected from the 216 
available number of individuals at developmental stage 25 (Gosner, 1960), which was 217 
limited because of the observed asynchrony in the breeding season among the sampled 218 
populations and the low relative fecundity of the study species in the study area (Egea-219 
Serrano, unpublished data). Since larvae used in this experiment came from different 220 
populations, each larva was individually placed in 1.0 L plastic beaker covered with 1 221 
mm mesh lid within each pool. Initial mass of larvae did not differ in relation to their 222 
population of origin (F2, 237 = 1.064; P = 0.347). 223 
We added one dog chow pellet (250-350 mg) to each beaker and larvae were 224 
allowed to acclimate to the pools for two days before the beginning of the experiment. 225 
No additional food was provided to larvae during the experiment. Each pool was 226 
randomly assigned to one of the four following treatments: 1) control; 2) 13.5 mg 227 
NH4
+
/L; 3) 13.5 mg NH4
+
/L + 364.7 mg NO3
-
/L + 6.67 mg NO2
-
/L; 4) 13.5 mg NH4
+
/L 228 
+ 364.7 mg NO3
-
/L + 66.7 mg NO2
-
/L. These treatments were selected because they 229 
produced the highest larval mortality in the laboratory (Egea-Serrano et al., 2009) and 230 
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because concentrations were well below within those naturally occurring in the field in 231 
the Segura River basin (e.g. 154.6 mg NH4
+
/L; 74.4 mg NO2
-
/L; 333.0 mg NO3
-
/L, 232 
Suárez, personal communication). To obtain the experimental concentrations, 40 g 233 
NH4Cl/l, 70 g NaNO2/l and 150 g NaNO3/l stock solutions were poured directly into the 234 
pools. Such solutions were prepared using NH4Cl, NaNO2 and NaNO3 salts that were 235 
99%, 97-101%, and 99% pure, respectively. NH4Cl salt was purchased from Prolabo 236 
(France). The rest of the salts were purchased from Panreac (Spain). Each treatment was 237 
replicated four times for a total of 16 experimental pools. The experiment thus consisted 238 
in a split-plot design (Quinn & Keough, 2002), where treatment was the main plot 239 
factor and the population of origin the subplot factor. 240 
 241 
2.3.2. Field experiment.  242 
 243 
Larvae from the three study populations (C1, C2, P1) were transplanted and reared in 244 
four different streams. To represent unpolluted locations, we chose: Rambla del 245 
Estrecho (37º46´N, 001º45´W; 476.7 m.a.s.l.), a permenant headwater stream, and 246 
Rambla Tejera (38º11´N, 002º07´W; 1197.9 m.a.s.l.), a semipermanent headwater 247 
stream.  Both of these streams are located in forested environments with no or marginal 248 
traditional farming activities, therefore the presence of nitrogenous pollution in the 249 
water column is unlikely. During the exposure period nitrogenous compounds levels 250 
were (mean ± SE): Rambla del Estrecho: 0.6 mg NO3
-
/L ± 0.08, n = 3; Rambla Tejera: 251 
1.4 mg NO3
-
/L ± 0.3, n = 4. To represent polluted environments, we chose locations in 252 
the permanent rivers: Río Quípar (38º02´N, 001º54´W; 710 m.a.s.l.) and Río Mula 253 
(38º03´N, 001º25´W; 190.2 m.a.s.l.). Both locations exposed to high degree of 254 
eutrophication from urban wastewaters and farming practices. During the exposure 255 
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period their nitrogenous compounds levels were (mean ± SE): Río Quípar: 25.02 mg 256 
NO3
-
/L ± 3.0, n = 4; Río Mula: 10.1 mg NO3
-
/L ± 1.1, n = 4. The presence of natural 257 
populations of P. perezi was confirmed in all of these streams.  258 
We set up three enclosures at least 1 m apart at each of the four locations. Each 259 
enclosure was placed close to the stream shore, where shore vegetation grew, allowing 260 
for the existence of natural variation in light and UV-radiation throughout the day. 261 
While it is possible that the water quality, light, and planktonic communities varied 262 
between the enclosure and common garden experiments, other factors, such as 263 
environmental temperature or rainfall were roughly pretty similar across the whole 264 
study area (Egea-Serrano, unpublished data). To determine periphyton biomass, a 229 265 
cm
2
 plastic tile was placed into each enclosure facing the south side. We randomly 266 
selected and added two to three larvae collected from C1, C2, and P1 to each enclosure 267 
(i.e. a total of 6 – 9 larvae per enclosure). Similar to the common garden experiment, the 268 
number of larvae added to each enclosure was limited by the available number of 269 
individuals at developmental stage 25 (Gosner, 1960). Initial mass of larvae did not 270 
differed in relation to their population of origin (F2,69= 1.936; P= 0.152). In order to 271 
assess population-level variation, larvae were individually placed in 1.5 L plastic 272 
beakers covered with 1 mm mesh lid. Larvae were fed one dog chow pellet (250-350 273 
mg) at the beginning of the experiment and no food was provided during the rest of the 274 
experiment. Due to an increase in water turbidity after a heavy rain event, all larvae in 275 
the Rambla Tejera enclosures died. Thus, this location was removed from the 276 
subsequent statistical analyses. Therefore, the design for the field experiment consisted 277 
of one reference site (Rambla del Estrecho, L1 hereafter) and two polluted sites (Río 278 
Quípar and Río Mula, hereafter L2 and L3, respectively). 279 
 280 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
 
13 
 
2.3.3. Response variables. 281 
 282 
For both the common garden experiment and field experiment, after 21 d of exposure, 283 
we assessed larval mortality and mass of surviving larvae (±0.1 mg). We also calculated 284 
instantaneous larval growth (change in mass over 21 days of exposure: final mass-initial 285 
mass; Arendt, 2003). Finally, since larval swimming speed, an ecological measure of 286 
locomotor performance, provides information on larval potential fitness (Huey & 287 
Stevenson, 1979; Denoël et al., 2013b), we measured individual swimming speed on 288 
day 22 after the beginning of the experiment. To measure swimming speed, we placed 289 
an individual larva into a plastic aquarium (length: 40 cm; width: 1 cm) and chose a 290 
water depth (~ 2 cm) that completely covered the larvae but limited swimming to a two-291 
dimensional space. After a one-minute acclimation period, the tail of the larva tail of the 292 
larva was stroked with a glass rod to induce a swimming response. This technique has 293 
been commonly used to elicit startle response in amphibian larvae (e.g., Brown & 294 
Taylor, 1995; Bridges, 1997; Van Buskirk & McCollum, 2000; Arendt, 2003). 295 
Swimming was videotaped (Olympus FE-200 digital compact camera) overhead until 296 
swimming was completed (i.e. tail clearly stopped beating) (Bridges, 1997). Total 297 
swimming speed during a hypothetical escape event was estimated as total distance 298 
swam/time swimming (cm/s). For both the common garden and field experiment, 299 
measurements of swimming speed were performed in laboratory conditions 300 
immediately after larvae were removed from the experimental units. Laboratory 301 
conditions held constant with temperatures ranging from 24-25ºC, and natural 302 
photoperiod and lighting coming from close windows. Once they were removed, larvae 303 
were kept in water collected from the pools and field sites where they had been reared. 304 
Videotaping was carried out between 8 a.m. and 3 p.m. 305 
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 306 
2.3.4. Environmental measurements. 307 
 308 
On days 2 (day 0 for the field experiment), 7, 14 and 21 of the experiment, we measured 309 
several water physicochemical characteristics (pH, temperature [ºC], conductivity 310 
[μS/cm], salinity [g/l] and depth [cm]) in each pool and at each field location. At the 311 
same time, a water sample was taken from each pool and field location to determine the 312 
ammonium, nitrite and nitrate concentrations in the water column. Ammonium and 313 
nitrite analyses were performed by colorimetric methods whereas nitrate concentration 314 
was estimated by ionic chromatography. At the end of the experiment, since periphyton 315 
availability can affect tadpole growth and performance (Boone et al., 2005, 2007), we 316 
measured periphyton biomass as an estimate of the supplemental resource available to 317 
the tadpoles in each pool. We assessed periphyton biomass by scraping periphyton off 318 
the surface of each tile. Once the periphyton obtained was dried allowing the water to 319 
evaporate, it was weighed (± 0.1 mg). In the case of the field experiment, periphyton 320 
growth was so scarce that its biomass could not be differentiated from sediments that 321 
had adhered to the periphyton tiles. To avoid any bias due to the weighing of a mix of 322 
periphyton and sediments, periphyton biomass was not considered for the field 323 
experiment. 324 
 325 
2.4. Data analysis 326 
 327 
2.4.1. Common garden experiment. 328 
 329 
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Larval mortality was analysed using generalized nonlinear model (GLZ) for binary data 330 
fitting a binomial distribution of the data with a Logit Link function. Population of 331 
origin, treatment and population x treatment interaction were considered as fixed factors 332 
and pool (nested within treatment) was considered as a random factor. Additionally, 333 
considering the hypothesis suggesting that sensitivity may be affected by larval initial 334 
size (since it may be correlated with egg size and, thus, roughly reflecting a maternal 335 
induced effect; Kaplan & Phillips, 2006), initial mass was considered as a covariate. 336 
GLZ was implemented in R 2.15.0 using lmer and lmerTest (Baayen et al., 2008). 337 
We analyzed larval mass using an ANCOVA, where population of origin, 338 
treatment, and their interaction, were treated as fixed factor. In this analysis we treated 339 
pool (nested within treatment to correct for the spatial heterogeneity in the experiment) 340 
as a random factor, and initial mass as a covariate. We analyzed growth using an 341 
ANOVA, and treated each factor similarly to that described in the analysis of larval 342 
mass. Since growth is a composite variable involving both initial and final mass, we did 343 
not include any covariate regarding either initial or final size in the analysis.  344 
We analyzed larval swimming speed using an ANCOVA and treated population of 345 
origin, treatment, and their interaction as fixed factors, pool (nested within treatment) as 346 
random factor, and final mass as a covariate.  347 
For all significant ANOVAs results, we conducted pairwise comparison tests using 348 
HDS Tukey´s tests to differentiate the effects of population of origin or treatment. For 349 
significant ANCOVAs, we conducted pairwise comparisons using estimated marginal 350 
means since post hoc tests are disabled when covariates are present in the model. 351 
The existence of a trade-off between growth (independent predictor) and 352 
swimming speed (dependent variable) (Arendt, 2003) was analysed by stepwise 353 
regression analyses. Prior to the regression analyses, homogeneity of slopes assumption 354 
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was tested by ANCOVA to compare the regression lines between groups. In such 355 
ANCOVA, swimming speed was considered as the dependent variable and population 356 
of origin and treatment were included as fixed factors, pool (nested within treatment) as 357 
a random factor and larval growth as a covariate. All the interactions between the 358 
covariate and the fixed factors were also included in the analysis. When the influence of 359 
growth on swimming speed differed across population and/or treatment, separate 360 
regression analyses were performed for each population and/or treatment. 361 
All variables were log-transformed. Statistical analyses of mass, growth and 362 
swimming performance were carried out using the statistical software SPSS
®
 v. 15.0. 363 
Additionally, post hoc power analyses for ANOVA, ANCOVA (when the model 364 
included a covariate) or linear regression (in the case of the analysis of the trade-off 365 
between growth and swimming speed) were performed on larval traits using G*Power 366 
3.1 (Faul et al., 2007, 2009) and selecting α = 0.05. 367 
 368 
2.4.2. Field experiment.  369 
 370 
Data transformation, statistical analyses and models for such analyses were similar to 371 
those conducted for the common garden experiment. In the field experiment analyses, 372 
location (fixed factor) and enclosure (random factor nested within location) replaced the 373 
treatment (fixed factor) and pool (random factor nested within treatment) of the 374 
common garden experiment.  375 
 376 
2.4.3. Environmental measurements 377 
  378 
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For the common garden experiment, water physicochemical variables, nitrogenous ion 379 
concentrations and final periphyton biomass were analysed using separate ANOVAs. 380 
Treatment (for all variables), time of measurement (only for physicochemical variables) 381 
and their interaction (only for physicochemical variables) were considered as fixed 382 
factor and pool as random factor nested within treatment (for all variables). However, 383 
due to a shortage of samples with detectable values for the nitrogenous ion 384 
concentrations, for each pool, data belonging to different time points were pooled. 385 
Consequently, time of measurement effect could not be estimated and was not longer 386 
considered in our design. Because periphyton biomass was estimated only at the end of 387 
the common garden experiment, time of measurement was also excluded from the 388 
statistical analysis of the effects of treatment on periphyton biomass. Analyses were 389 
conducted on log-transformed data using the statistical software SPSS
®
 v. 15.0. 390 
The analysis of physicochemical variables and nutrient concentration for the field 391 
experiment was performed identically as in the case of the field experiment, except for 392 
location (fixed factor) replaced the fixed factor treatment where appropriate. Since in 393 
this case estimates for these variables were taken outside enclosures, the factor 394 
enclosure (nested within location) was not considered in the statistical analyses. 395 
 396 
3. RESULTS 397 
 398 
3.1.  Common garden experiment 399 
 400 
We found low overall larval mortality (mean [±1 SE] = 7.088 ± 1.769%; n = 16; 401 
range: 0.0 – 20%) and mortality following exposure to nitrogenous compounds alone 402 
and in combination did not differed across treatments or populations (P ≥ 0.384 in all 403 
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cases, results not shown). Mixtures of nitrogenous compounds reduced final mass and 404 
growth for all studied populations (Table 1; Fig. 1). We found a significant effect of 405 
population of origin on final mass (Table 1), and pairwise analyses indicated that larvae 406 
from C2 were larger than those from the other populations. We also found a significant 407 
interaction between population of origin and treatment for final mass (Table 1). Larvae 408 
from population C1 and C2 had reduced mass when exposed to treatment 2 (40 mg 409 
NH4Cl/L), whereas the mass of larvae from the polluted population (P1) did not change.  410 
Our analysis of swimming speed indicated no significant effect of treatment, 411 
population of origin, or their interaction (P ≥ 0.280 in all cases, results not shown). 412 
Supplementary Table 4 shows the results of the ANCOVAs performed to test the 413 
homogeneity of slopes for the growth-swimming analyses. The relationship between 414 
larval speed and growth differed across treatments. Growth was negatively correlated 415 
with swimming speed in the control treatment, positively correlated in the ammonium 416 
enriched treatment (treatment 2), and marginally positively correlated in combined 417 
nitrogenous compounds (treatments 3 and 4) (Table 2; Fig. 2). In addition, swimming 418 
speed did not differ among populations of origin and treatments. Thus, the results found 419 
in the regression analyses are therefore likely driven by the different growth rates across 420 
populations and treatments. 421 
Statistical power for the response variables was overall medium-large, except for 422 
the interaction between population of origin and treatment in the case of larval 423 
mortality, growth and swimming speed (Supplementary Table 5). Nevertheless, in these 424 
cases, the interaction effect exhibited high p – value that does not support the hypothesis 425 
of the existence of a significant effect.   426 
 427 
3.2.  Field experiment 428 
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 429 
We found moderately low mortality (mean [±1 SE]: 17.00 ± 5.11%; n = 9; range: 430 
0.0 - 44.4%) but mortality was higher at the polluted location L3 (Fig. 3). However, 431 
none of the factors included in the analysis had a significant effect (P ≥ 0.187 in all 432 
cases, results not shown). Final mass and growth was higher for the polluted L3 location 433 
than for L1 and L2 locations (Table 1; Fig. 4). 434 
We found no significant main effect of population of origin or location on 435 
swimming speed. Additionally, the effect of the different experimental locations on 436 
swimming performance was not affected by the population of origin (P ≥ 0.293 in all 437 
cases, results not shown). 438 
We found a significant effect of growth on swimming speed across locations 439 
(Supplementary Table 9). Similar to the trend found in the mesocosms, growth was 440 
positively correlated with swimming speed in the polluted location L2. In contrast, in 441 
the control location (L1), we found a marginally significant negative correlation 442 
between growth and swimming speed (Table 2; Fig. 5). Since swimming speed did not 443 
differ among populations of origin and locations, these contrasting covariation patterns 444 
are therefore likely driven by the different growth rates across populations and 445 
locations. 446 
Power to detect a significant effect when it exists was overall medium-large for 447 
the response variables, except for, particularly, the main effect of population of origin 448 
on swimming speed and for the interaction between population of origin and location in 449 
the case of larval mortality, growth and swimming speed (Supplementary Table 5). 450 
Nevertheless, in these cases, p – values were high, therefore not supporting the 451 
hypothesis of the existence of a significant effect.   452 
 453 
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3.3. Environmental measurements 454 
 455 
For the common garden experiment, water physicochemical variables significantly 456 
differed across time. With the exception of water depth and temperature, we also found 457 
a significant time by treatment interaction (Supplementary Tables 1, 2). Treatments 458 
corresponding to the combination of different nitrogenous compounds showed higher 459 
values for pH than control treatment, as well as higher conductivity and salinity than the 460 
rest of treatments (Supplementary Tables 1, 2). Furthermore, these differences were 461 
increased with time for pH and reduced for conductivity and salinity (Supplementary 462 
Tables 1, 2).  463 
Polluted treatments significantly increased ammonium, nitrite and nitrate 464 
concentrations present in the water column in relation to control treatment 465 
(Supplementary Tables 2, 3). Moreover, in the case of nitrite and nitrate, the 466 
combination of nitrogenous compounds increased their concentration in relation to the 467 
rest of treatments (Supplementary Table 2).                                                                                            468 
We found a significant effect of the treatments on periphyton mass in the pools 469 
(F3,12=23.341; P= 0.0001) with greater periphyton mass in pools exposed to nitrogenous 470 
compounds (Supplementary Table 2). 471 
For the field experiment, physicochemical characteristics of water were 472 
significantly affected by time and location (Supplementary Table 6). L3 showed the 473 
highest values for all measured variables, except for water depth and pH 474 
(Supplementary Table 7). We also found a significant time by location interaction for all 475 
the physicochemical variables analysed (Supplementary Table 6). With the exception of 476 
water temperature and depth, differences in the physicochemical variables among 477 
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locations decreased during the experiment but increased again by the end of the 478 
experiment (Supplementary Table 7). 479 
Due to the low levels of ammonium detected, we were unable to analyze these ion 480 
concentrations across locations. For nitrite concentration, only L2 and L3 had reliable 481 
data and L3 showed higher nitrite concentration. Nitrate concentration in the L2 482 
location was the highest. L1 showed the lowest value for nitrate concentration 483 
(Supplementary Tables 7, 8). 484 
 485 
4. DISCUSSION 486 
 487 
Our main conclusion is that exposure to nitrogen-polluted environments, both in 488 
experimental mesocosms and natural field locations, resulted in stressful conditions that 489 
affected the final size, growth and the trade-off between growth and swimming speed of 490 
P. perezi larvae. The direction of the response initiated by the nitrogenous pollution 491 
treatments differed between the common garden and the field experiment. This 492 
differential pattern points to the benefit of integrating both venues in order to provide a 493 
more precise and accurate evaluation of the impact of nitrogenous pollution on P. perezi 494 
tadpoles. 495 
In a meta-analysis, Egea-Serrano et al. (2012) reported that the overall impact of 496 
chemicals on amphibian survival was more severe when experiments were performed in 497 
enclosure conditions compared to mesocosms. This may be attributable to the higher 498 
synergies between pollution and other factors presumably operating in field locations in 499 
relation to other experimental venues (Egea-Serrano et al., 2012). Interestingly, since 500 
neither enclosure nor mesoscosm experiments resulted in a significant effect on larval 501 
mortality, the results from our study do not support this general pattern.  Although the 502 
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fluctuation of water physcochemical variables was overall low (as inferred from the 503 
standard errors reported in the Supplementary Table 6), mean water salinity, pH and 504 
temperature was higher for the polluted locations. Water salinity has been reported to 505 
increase larval mortality either singly or in combination with nitrogenous compounds 506 
(Karraker, 2007; Karraker & Ruthig, 2009; Karraker et al., 2008, 2010; Ortiz-507 
Santaliestra et al., 2010), thus we expected high mortality rates in the polluted locations. 508 
Moreover, the main effect of pH or temperature, or their interaction with nitrogenous 509 
compounds, cannot be discarded, either. However, we found no effect of field location 510 
on larval mortality, suggesting that both nitrogenous ion concentrations and level of 511 
salinity (or of any other factor) was too low relative to the sensitivity of P. perezi larvae. 512 
It is also possible that such moderate level of salinity may confer a certain tolerance to 513 
nitrogenous compounds (Shinn et al., 2013). Since the nominal concentrations used in 514 
the common garden experiment significantly increased larval mortality in laboratory 515 
conditions (Egea-Serrano et al., 2009), the observed tolerance of P. perezi in the 516 
common garden experiment was not necessarily the consequence of a highly effective 517 
detoxification pathway in the absence of other stressing factors. An alternative 518 
explanation for the lack of effect on larval mortality is that periphyton growth was 519 
enhanced due to enriched ammonium, nitrite and nitrate concentrations (Camargo & 520 
Alonso, 2006) potentially reducing the concentrations of nitrogenous ions that larvae 521 
were exposed to. However, caution is advised when interpreting the results reported, 522 
since the sample size for both the common garden and, specifically, the field experiment 523 
was low.   524 
Past studies found that the overall effect of chemicals on mass did not differ 525 
between mesocosm and enclosure venues (Egea-Serrano et al., 2012). However, the 526 
pattern found in the present experiments for nitrogenous compounds differed from such 527 
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an overall trend. Previous experiments performed in mesocosm conditions have 528 
revealed either the absence of significant effects (Boone et al.¸ 2005) or the existence of 529 
positive influence of nitrogenous treatments on amphibian larvae growth (de Wijer et 530 
al., 2003; Hatch & Blaustein, 2003; Boone et al.¸ 2007; Smith & Dibble, 2012). In 531 
contrast, in our common garden experiment, the combinations of nitrogenous 532 
compounds strongly reduced both mass and growth of P. perezi larvae. Considering that 533 
periphyton biomass was greater at the polluted treatments, we expected larval growth to 534 
be facilitated relative to control, as it has been previously suggested in other mesocosm 535 
settings (Boone et al., 2005; 2007). Egea-Serrano et al. (2009) reported, for laboratory 536 
experiments, a lower feeding efficiency and subsequent decline in growth rate for P. 537 
perezi larvae at polluted treatments. Thus, the pattern we observed in the mesocosm 538 
study may be due to decreased feeding efficiency. While, nitrogenous pollutants 539 
decreased larval mass and growth in laboratory and mesocosm conditions, we detected 540 
the reversed pattern in the field experiment. Larvae exposed to natural nitrogenous 541 
pollution levels had higher final mass and growth at one of the polluted locations (L3). 542 
This result can be due to an indirect effect of pollution via food web (de Wijer et al.¸ 543 
2003). Although periphyton biomass could not be properly measured at the field 544 
locations, it is likely that polluted sites would show high algal growth, since nutrient 545 
concentration was significantly higher than control site (see Camargo & Alonso, 2006). 546 
Since actual nitrogen concentration was lower in the field locations than in the 547 
experimental mesocosms and, likely, beakers used in the laboratory by Egea-Serrano et 548 
al. (2009), larvae were likely lightly affected by pollution and could be able to perform 549 
an overcompensation response to the stress produced by nitrogenous compounds by 550 
increasing, for instance, their feeding efficiency (Egea-Serrano et al., 2011), which 551 
allowed to utilize the greater periphyton resource and achieve a higher mass. However, 552 
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we have to be cautious with this conclusion since in the present study only one 553 
reference field location was considered. These results may be biased if this location had 554 
unnoticed unique characteristics (e.g., higher predator density, higher occurrence of 555 
parasites) that also influenced amphibian larvae. Therefore, further studies involving a 556 
higher number of replicates for both reference and polluted field locations are required 557 
to identify whether the results obtained in this study are the consequence of nitrogenous 558 
pollution or whether the results were site specific. 559 
Exposure to nitrogenous compounds did not affect swimming speed for either the 560 
mesocosm or field experiments. Since burst speed is assumed to be related with greater 561 
survival in larval anurans (Jung & Jagoe, 1995) and some direct evidences corroborate 562 
this prediction (Watkins, 1996; Kaplan & Phillips, 2006; Denoël et al., 2013b), our 563 
results suggest that individual susceptibility to predators may not be affected by the 564 
effects of nitrogenous pollution, since larval escape ability is not modified either by 565 
treatments or by environments differing in their level of pollution. However, tadpoles 566 
reared in polluted environments could be indirectly exposed to a higher risk of predation 567 
because some larval amphibians increase their activity through the water column when 568 
exposed to nitrogenous pollution (Egea-Serrano et al., 2011), which would increase 569 
predator encounter rates. 570 
The lack of effect of nitrogenous compounds on swimming speed differs from 571 
past publications which report that chemicals can have significant effects on the 572 
presence of swimming patterns, lead to high irregular swimming rates, lower distance 573 
moved, and alter time showing swimming activity and swimming speed (Jung & Jagoe, 574 
1995; Berril et al., 1998; Bridges, 1997; Brunelli et al., 2009; Denoël et al., 2010, 2012, 575 
2013b, Westman et al., 2010; Egea-Serrano et al., 2011; but see Widder & Bidwell, 576 
2006, 2008). Chemicals such as salts, heavy metals or pesticides can cause osmotic 577 
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stress or interfere in the normal activity of given enzymes (e.g. cholinesterase), leading 578 
to harmful consequences on the nervous system and, therefore, affecting the 579 
transmission of the nervous impulse (Trainer & Karstad, 1960; Barron & Woodburn, 580 
1995; Barabasz et al., 2002). In contrast, nitrogenous compounds are not known to 581 
produce these responses in amphibians, which suggest that these compounds are less 582 
prone to affect swimming performance than other pollutants. Nevertheless, while there 583 
is limited data on amphibians, in fish, nitrite can affect the enzyme activities responsible 584 
for the transmission of nerve impulses indirectly limiting locomotor performance (Das 585 
et al., 2004). Thus, we predicted a similar decline in tadpole locomotor performance in 586 
polluted areas. However, our results (once corrected for larval mass) did not support this 587 
hypothesis. These results are likely due to low concentrations of nitrogenous pollutants 588 
as their effects on enzyme activity were not strong enough to affect larval motor skills 589 
(see discussion in Widder & Bidwell [2006, 2008] for the effect of the pesticide 590 
chlorpyrifos). Further physiological research is needed to understand the pathways 591 
underlying this lack of effect of nitrogenous pollution on swimming performance of 592 
larvae of P. perezi.  593 
Significant trade-offs between growth and swimming speed have been detected for 594 
some of the treatments or locations considered in the common garden and the field 595 
experiment, respectively. Arendt (2003) predicted that across taxa, there would be a 596 
generalizable negative relationship between growth and swimming speed. Billerbeck et 597 
al. (2001) demonstrated a tradeoff between higher growth rates and available energy for 598 
locomotion. The combination of this trade-off and the high energetic demands of 599 
detoxification (Wright & Wright, 1996), suggests that we should observe a negative 600 
relationship between growth and speed when larvae were exposed to pollution both in 601 
mesocoms and in the field. However, the expression of the negative correlation between 602 
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growth and swimming performance was only confirmed in the unpolluted control 603 
treatment and location (L1). In contrast, exposure to both high concentration of 604 
ammonium acting isolated (treatment 2, 13.5 mg NH4
+
/L) and to polluted permanent 605 
rivers (i.e. L2) produced a significant positive relationship between swimming speed 606 
and growth. Our results may be explained by van Noordwijk & de Jong´s model (van 607 
Noordwijk & de Jong, 1986), which suggests that if the variation in the total amount of 608 
energy acquired is large and the variation in energy allocation is small, positive 609 
correlations between traits could be expected. The lack of a trade-off at the polluted 610 
environments may be due to a high individual-level variation in the amount of resources 611 
acquired and invested in growth or in propelling structures and/or muscle development. 612 
This fact suggests that the capability to escape from predators depends on how to get 613 
larval size, and that the costs of rapid growth are environmentally dependent. 614 
Nevertheless, since both growth and swimming speed are composite variables, it is 615 
possible that factors that have not been taken into account may underlie the observed 616 
trade-offs (Arendt, 2003).  617 
Although for most of the interactions between factors the statistical power was 618 
low, we found a significant population by treatment interaction for larval final mass in 619 
the common garden experiment. Thus, similar to past studies, these results suggest the 620 
existence of population-level variation and potentially local adaptation to pollutants 621 
(Hecnar, 1995; Johansson et al., 2001; Hatch & Blaustein, 2003; Shinn et al., 2008, 622 
2013; Egea-Serrano et al., 2009, 2011). However, the results obtained for the field 623 
experiment did not fit within the local adaptation hypothesis since populations did not 624 
differ in their response when transplanted into different locations. This could be 625 
attributed to the fact that natural environments were not stressful enough to magnify the 626 
different responses of larvae from each population to pollution. Nevertheless, just one 627 
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of the populations of origin corresponded to a polluted environment, being possible that 628 
larvae from this population performed differently due to causes not related to the 629 
adaptation to pollution. Consequently, further studies where populations of origin 630 
corresponding to both reference and polluted environments are replicated in a higher 631 
number are needed to determine whether the population-specific response detected, at 632 
least for larval mass in the common garden experiment, is driven by nitrogenous 633 
pollution or by any other factor. 634 
In conclusion, larval P. perezi is sensitive to nitrogenous pollution in semi-natural 635 
and natural environments since both fitness and the trade-off between growth and 636 
swimming speed were clearly affected. Mesocosm and enclosure venues led to different 637 
amphibian responses to nitrogenous pollutants but an important issue to consider is that 638 
the actual nitrogen concentrations found in each venue and the interaction between 639 
pollution and other factors differed. This fact should be considered in future research to 640 
contribute to provide ecologically relevant conclusions on the impact of nitrogenous 641 
compounds and, more generally, chemical pollution on amphibians.  642 
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FIGURE CAPTIONS 906 
 907 
Fig. 1. Final mass and growth (g) (mean ± 1 SE) of larvae of Pelophylax perezi exposed 908 
to different nitrogenous treatments in the common garden experiment. Results of HDS 909 
Tukey´s test (for growth) and pairwise comparisons of estimated marginal means (for 910 
final mass) (α = 5% in all cases) for treatment are shown (common underbars notation). 911 
Treatment: 1) control; 2) 13.5 mg NH4
+
/L; 3) 13.5 mg NH4
+
/L + 364.7 mg NO3
-
/L + 912 
6.67 mg NO2
-
/L; 4) 13.5 mg NH4
+
/L + 364.7 mg NO3
-
/L + 66.7 mg NO2
-
/L. Source 913 
populations:   C1 (exposed to a reference environment);    C2 (exposed to a 914 
reference environment);   P1 (exposed to a polluted environment). 915 
 916 
Fig. 2. Relationships between growth and larval speed for larvae exposed to different 917 
levels of nitrogenous pollution for 21 days in the common garden experiment.            918 
Treatment 1 (control);                     Treatment 2 (13.5 mg NH4
+
/L);                 Treatment 919 
3 (13.5 mg NH4
+
/L + 364.7 mg NO3
-
/L + 6.67 mg NO2
-
/L);                 Treatment 4 (13.5 920 
mg NH4
+
/L + 364.7 mg NO3
-
/L + 66.7 mg NO2
-
/L). 921 
 922 
Fig. 3. Mean (± 1 SE) mortality of larvae of Pelophylax perezi exposed to different field 923 
locations for 21 days in the field experiment. Locations: L1) reference; L2) polluted; 924 
L3) polluted. Source populations:   C1 (exposed to a reference environment);    C2 925 
(exposed to a reference environment);   P1 (exposed to a polluted environment). 926 
 927 
Fig. 4. Final mass and growth (mean ± 1 SE) of P. perezi larvae raised at different field 928 
locations for 21 days in the field experiment. Results of HDS Tukey´s test (for growth) 929 
and pairwise comparisons of estimated marginal means (for final mass) (α = 5% in all 930 
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cases) for treatment are shown (common underbars notation). Locations: L1) reference; 931 
L2) polluted; L3) polluted. Source populations:   C1 (exposed to a reference 932 
environment);    C2 (exposed to a reference environment);   P1 (exposed to a 933 
polluted environment). 934 
 935 
Fig. 5. Relationships between growth and larval speed for larvae exposed to different 936 
field locations for 21 days in the field experiment.                L1 (reference);                 L2 937 
(polluted);                 L3 (polluted destination field location). 938 
 1 
 
Table 1. Summary statistics for AN(C)OVAs performed on larvae mass and growth after 21 days of exposure in the common garden and field 1 
experiments. All variables were log-transformed. ndf: numerator degrees of freedom; ddf: denominator degrees of freedom. 2 
 3 
4 
Source of variation ndf ddf F P Source of variation ndf ddf F P 
Common garden experiment Field experiment 
Final mass 
Initial mass 1 195 0.423 0.516 Initial mass 1 43 11.871 0.001 
Population of origin 2 195 9.964 0.0001 Population of origin 2 43 1.425 0.252 
Treatment 3 12.028 4.165 0.031 Location 2 10.701 17.900 0.0001 
Pool(Treatment) 12 195 18.510 0.0001 Enclosure(Location) 6 43 0.336 0.914 
Population x Treatment 6 195 2.487 0.024 Population x Location 4 43 0.123 0.974 
Growth 
Population of origin 2 196 3.115 0.047 Population of origin 2 44 1.863 0.167 
Treatment 3 12.022 1.994 0.169 Location 2 5.395 34.330 0.001 
Pool(Treatment) 12 196 5.350 0.0001 Enclosure(Location) 6 44 0.219 0.969 
Population x Treatment 6 196 0.586 0.739 Population x Location 4 44 0.168 0.954 
Table(s)
 2 
 
Table 2. Summary statistics for the regression analyses performed on swimming speed 5 
(dependent variable) and larval growth (independent variable) for the common garden 6 
and field experiments. All variables were log-transformed. See Material and Methods 7 
section for details on treatment codes. Note that, although they have the same value, p 8 
values for the “Regression analysis” and “B(S.E.)” columns correspond, respectively, to 9 
the significance of the model and to the coefficient for the independent variable. 10 
 11 
Treatment Regression analysis B (S.E.) 
Common garden experiment 
1 Adjusted R
2
= 0.076; F1,56= 5.685; P= 0.021 -0.230 (0.097); P= 0.021 
2 Adjusted R
2
= 0.166; F1,54= 11.938; P=0.001 0.132 (0.038); P=0.001 
3 Adjusted R
2
= 0.037; F1,53= 3.072; P= 0.085 0.088 (0.050); P=0.085 
4 Adjusted R
2
= 0.043; F1,49= 3.259; P= 0.077 0.108 (0.060); P=0.077 
Field experiment 
L1 Adjusted R
2
= 0.098; F1,21= 3.397; P= 0.079 -0.270 (0.146); P= 0.079 
L2 Adjusted R
2
= 0.203; F1,17= 5.597; P= 0.030 0.313 (0.132); P= 0.030 
L3* Adjusted R
2
= 0.000; F0,16= -; P= - - 
 12 
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HIGHLIGHTS 
 
- We studied the effect of nitrogenous pollution on larval amphibians. 
- We conducted experiments in semi-natural and natural venues. 
- Pollution affects survival, fitness and the trade-off between growth and 
swimming. 
- We found contrasting effects between experimental venues. 
- The results suggest the convenience of accounting different environmental 
contexts. 
 
 
 
*Highlights (for review)
